Abstract. The aim of the present study was to evaluate the expression levels of microRNA (miRNA)-214 in tumor tissue, blood and saliva of patients with gingival carcinoma, and to investigate the mechanisms underlying the infiltration and invasion of gingival carcinoma. Between January 2013 and March 2015, blood and saliva samples, gingival carcinoma tumor specimens and peritumoral tumor tissues were harvested from 56 patients with gingival carcinoma. Blood and saliva samples were also harvested from 33 control patients without gingival carcinoma. Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) was performed to detect miRNA-214 and protein tyrosine phosphatase gene (PTEN) mRNA levels. Western blotting and ELISA were performed to detect PTEN protein levels. The results of RT-qPCR demonstrated that the expression of PTEN mRNA in tumor tissues, blood and saliva of patients with gingival carcinoma were significantly decreased compared with that of the control group (P<0.05). These findings were consistent were consistent with the results of PTEN protein expression detected via western blotting and ELISA in these samples (P<0.05). Conversely, the expression levels of miRNA-214 in these samples were significantly increased (P<0.05) in patients with gingival carcinoma compared with the control group. The decreased expression of PTEN may be associated with the expression of miRNA-214. miRNA-214 may regulate infiltration and invasion of gingival carcinoma via PTEN. These results suggest that miRNA-214 may be used as a marker of gingival carcinoma.
Introduction
The majority of gingival tumors are highly differentiated squamous cell carcinomas, such as oral squamous cell carcinoma (OSCC) (1) . These tumors typically grow slowly and present as ulcers (2) . In early stages, tumors are able to infiltrate mandibular alveoli, leading to bone destruction, tooth mobility and pain (1) . Surgical therapy is recommended for the treatment for OSCC; however, due to the high degree of malignancy, advanced tumors typically infiltrate surrounding tissues or migrate distantly (3) . Migration, which is the leading cause of mortality in patients with gingival carcinoma, occurs in >30% of patients with negative lymph node diagnoses (4) . Surgery and chemotherapy are less effective under these circumstances (1) . To reduce tumor recurrence and metastasis, and improve survival, >70% of patients have undergone radical treatment which is unnecessary and typically leads to adverse complications, such as severe facial deformities and swallowing, speech, neck and shoulder dysfunction (5) (6) (7) . Therefore, the identification of accurate diagnostic markers and novel therapeutic targets of gingival carcinoma is necessary.
At present, the activation of oncogenes and mutations of tumor suppressor genes are believed to be the primary mechanisms underlying tumorigenesis (8, 9) . Similarly, the interactions and coinciding actions of various pathways may result in the tumorigenesis and progression of gingival carcinoma; a process with which various mRNAs and micro (mi)RNAs are associated (10, 11) . Various recent studies have demonstrated that miRNA-214 is associated with tumorigenesis and progression. For example, Zhang et al (12) showed that miRNA-214 may be used as a diagnostic predictor of gastric tumor and reduce tumor cell proliferation and invasion. Wang et al (13) demonstrated that miRNA-214 was able to modulate the proliferation and invasion of breast cancer via tumour protein p53 (p53). Wang et al (13) reported that miRNA-214 had a suppressive role in bladder cancer via targeting p53 and DNA-damage regulated protein 1 (14) . Wan et al (15) demonstrated that miRNA-214 was able to protect cardiomyocytes in follow-up treatment of myocardial ischemia. Izawa et al (16) reported that miRNA-214 may prevent liver fibrosis and effectively relieve liver cirrhosis induced by thioacetamide. These findings suggest that miRNA-214 may be a novel therapeutic agent for cancer prevention, diagnosis and treatment.
Protein tyrosine phosphatase gene (PTEN) belongs to the tumor suppressor gene family. Mutation of PTEN is associated with the development of various human malignancies, and has key roles in apoptosis, cell cycle and cell migration (17) (18) (19) (20) (21) (22) (23) . In various malignancies, such as prostate cancer (24), brain tumor (6), endometrial cancer (25) , glioblastoma (26) , melanoma (27) , cervical cancer (28), colorectal gland cancer (29) , breast cancer (30) and colon cancer (31) PTEN is downregulated. Furthermore, PTEN is associated with gingival carcinoma and its expression is decreased in gingival tumor tissues (10) . Another recent study has indicated that PTEN is associated with the occurrence, development and metastasis of gingival carcinoma (32) . However, the up-stream regulation factor of PTEN in gingival carcinoma remains to be identified.
In the present study, reverse transcription-quantitative polymerase chain reaction (RT-qPCR), western blot analysis, gene bioinformatics prediction and ELISA techniques were performed to evaluate the mRNA and protein expression of PTEN and miRNA-214 levels in the tumor tissues, blood and saliva of patients with gingival carcinoma. The association between PTEN and miRNA-214 was subsequently analyzed.
Materials and methods
Research subjects and selection criteria. Between January 2013 and March 2015, blood and saliva samples were harvested from 56 gingival carcinoma patients in the Affiliated Stomatology Hospital of Kunming Medical University (Kunming, China). These patients were diagnosed with gingival carcinoma and chose to receive surgical resection treatment. As a control, blood and saliva samples were harvested from 33 patients from the same hospital diagnosed with non-neoplastic gum disease during the same period. Tumor tissues and peritumoral tissues were subsequently harvested from the 56 gingival carcinoma patients. The gingival carcinoma patients included 38 males and 18 females, aged 17-75 years old, with a median age of 58.6 years. The control patients, included 20 males and 13 females, aged 25-72 years old, with a median age of 59.5 years. All patients were at the early stages of gingival carcinoma or non-neoplastic gum disease and were not treated with hormone therapy, traditional medicine, radiotherapy or chemotherapy prior to surgery. The gingival carcinoma patients included 30 patients with gingival carcinoma in the upper gum and 26 patients with gingival carcinoma in the lower gum, and consisted of one case of mucoepidermoid carcinoma, two cases of adenoid cystic carcinoma, two cases of adenocarcinoma, three cases of myoepithelial carcinoma and 48 cases of squamous cell carcinoma. Prior written and informed consent were obtained from all patients and the study was approved by the ethics review board of Affiliated Stomatology Hospital of Kunming Medical University.
Reagents and instruments. The miRcute miRNA isolation kit (dp501), miRcute miRNA first strand cDNA synthesis kit (KR201), miRcute miRNA fluorescent detection kit (FP 401), SuperReal Premix (SYBR Green) (FP 204) and TIANScript II first strand cDNA synthesis kit (KP 107) were purchased from Tiangen Biotech Co., Ltd. (Beijing, China). The PCR-iQ5 system was purchased from Bio-Rad Laboratories, Inc. (Hercules, CA, USA). The polyclonal rabbit anti-human anti-PTEN antibody (ab32199), mouse monoclonal anti-β-actin antibody (ab6276) and secondary goat anti-rabbit antibody (ab6721) were purchased from Abcam (Cambridge, MA, USA). TRIzol reagent was purchased from Shanghai Yeasen Biotechnology Co., Ltd. (10606ES60; Shanghai, China). The bicinchoninic acid protein assay kit was purchased from Real-Times (Beijing, China) Biotechnology Co., Ltd. (RTP7102; Beijing, China). The miRNeasy serum/plasma kit for serum RNA extraction was purchased from Guangzhou Jianlun Biological Technology Co., Ltd. (JL 217184; Guangzhou, China). The PTEN ELISA kit was purchased from Wuhan USCN Business Co., Ltd. (sE95822Hu; Houston, TX, USA). Image Lab 3.0 software was purchased from Beijing Bio-launching Technologies Co., Ltd. (Beijing, China).
Sample collection. Tumor tissues and peritumoral tissues were preserved in liquid nitrogen for further analysis. Peripheral blood was harvested in the morning following overnight fasting and stored at -20˚C following anticoagulation with EDTA.
Prior to saliva collection, research participants were prohibited from food, water and smoking for 2 h to maintain oral hygiene. To increase the quantity of collected saliva, the head of a sterile cotton swab was moistened with 2% citric acid solution, and placed on the first sidewall of tongue for ~5 sec. Following saliva collection, the cotton swab would be applied to the other sidewall. Saliva was collected repeatedly using a sterile enzyme-free centrifuge tube until a total of 5 ml had been harvested.
RT-qPCR.
The RT-qPCR was carried out according to the manufacturer's protocol. To detect PTEN, an E.Z.N.A. Total DNA/RNA/Protein kit (Omega Bio-Tek, Inc., Norcross, GA, USA) and TRIzol were used according to the manufacturer's protocol to extract total RNA from samples, and RT was performed to produce cDNA (TIANScript II cDNA kit; Tiangen Biotech Co., Ltd., Beijing, China). The total reaction volume was 20 µl: 10 µl SuperReal Premix (SYBR Green), 0.5 µl upstream primers, 0.5 µl downstream primers, 2 µl cDNA and 7 µl double distilled H 2 O. Briefly, a 25-µl RT-qPCR system was performed for 40 cycles according to the following conditions: An initial denaturation was performed at 95˚C for 3 min, followed by denaturation at 95˚C for 12 sec, annealing at 62˚C for 40 sec, and extension at 72˚C for 20 sec. The results were calculated using 2 -ΔΔCq method (33) . The PTEN/β-actin ratio was calculated. To detect levels of miRNA-214, RT-qPCR was performed under the same conditions, using U6 as an internal control. The miRNA-214/U6 ratio was calculated. Primers sequences are presented in Table I . Each experiment was repeated three times.
Western blot analysis. Total proteins were extracted and separated by 10% SDS-PAGE and transferred onto a nitrocellulose membrane. Following blocking with non-fat milk, the membrane was incubated with primary anti-PTEN (1:500) and anti-β-actin (1:5,000) antibodies at 4˚C overnight. The membrane was subsequently washed with TBST 5 times for 5 min. Following washing, the membrane was incubated with goat anti-rabbit secondary antibody (1:3,000) at room temperature for 1 h. The membrane was subsequently developed using enhanced chemiluminescence plus an enhanced chemiluminescence reagent (BeyonECL Plus; Beyotime Institute of Biotechnology, Haimen, China). Image lab 3.0 software was used to analyze results. β-actin was used as an internal control. The relative expression level of PTEN was calculated based on the expression of β-actin.
ELISA. Blood samples were centrifuged at 1,000 x g for 10 min at 4˚C to separate serum and red blood cells. ELISA was performed according to the manufacturer's protocol of the PTEN ELISA kit. Briefly, blank wells and wells for standard sample, serum and saliva were prepared. In the wells for standard sample, 50-µl standard samples with different concentrations (180, 120, 60, 30, 15, 7.5 and 3.75 pg/ml) were added. In the wells for serum and saliva, 10 µl serum or saliva and 40 µl dilution solution were added. Nothing was added to blank wells. Besides blank wells, 100 µl horseradish peroxidase-labeled detection antibody (1:1,000) mixed with dilution buffer was added to each well. The plate was sealed and incubated for 1 h at room temperature. Following five repeated washes with the provided washing buffer, the substrate (50 µl substrate A and 50 µl substrate B) was added to each well and incubated for 15 min at 37˚C. The reaction was terminated by adding 50 µl stopping solution to each well. Optical density was measured at a wavelength of 450 nm.
Bioinformatics prediction. Bioinformatics prediction is currently the recommended technique for the study of miRNA function (34) . In order to evaluate the regulation mechanism of PTEN, miRanda (www.microma.org/rnicroma/home.do), TargetScan (www.targetscan.org), PiTa (www.genie.weizmann. ac.il/pubs/mir07), RNAhybrid (www.hibiserv.techfak.unibielefeld.de/rnahybrid) and Pictar (www.pictar.mdc-berlin.de) programs were used to predict the possible regulatory gene of PTEN.
Statistical analysis. Data were processed using SPSS, version 18.0 (SPSS, Inc., Chicago, IL, USA). Data are presented as the mean ± standard deviation. The normality of data was tested using the Kolmogorov-Smirnov test. Comparison among multiple sets of measurement data was performed using one-way analysis of variance. When there was homogeneity of variance, least significant difference and Student-Newman-Keuls tests were performed. Otherwise, Tamhane's T2 or Dunnett's T3 method was used. P<0.05 was considered to indicate a statistically significant difference.
Results
Level of PTEN mRNA in samples. miRNA-214 was identified as one of the genes that may regulate PTEN (Fig. 1) . RT-qPCR was performed to detect levels of PTEN mRNA in tumor tissues, peritumoral tissues, blood and saliva. Compared with that in peritumoral tissues, PTEN mRNA levels in tumor tissues of patients with gingival carcinoma was significantly lower (P<0.05; Fig. 2A) . Similarly, compared with those observed in control patients, PTEN mRNA levels in the blood and saliva of gingival carcinoma patients were significantly decreased (both P<0.05; Fig. 2B and C) . These results indicate that PTEN may have a role in gingival carcinoma.
Protein expression level of PTEN in tumor and peritumoral tissues.
Western blotting was performed to determine the expression level of PTEN in tumor and peritumoral tissues. As demonstrated in Fig. 3 , in gingival carcinoma patients, the PTEN protein level in the tumor tissues was significantly decreased compared with that in peritumoral tissues (P<0.05).
This finding was consistent with that observed in PTEN mRNA levels, which suggests that PTEN is downregulated at the transcriptional and protein expression level and that this downregulation may have a role in gingival carcinoma.
Protein expression level of PTEN in blood and saliva.
The expression level of PTEN protein in blood and saliva was detected via ELISA. Compared with control patients, the expression level of PTEN was significantly decreased in the blood (P<0.05; Fig. 4A ) and saliva (P<0.01; Fig. 4B ) of gingival carcinoma patients. These results were consistent with those observed in PTEN mRNA. As blood is a typical channel of gingival carcinoma metastasis (35) , the decrease of PTEN protein in blood may be associated with gingival carcinoma metastasis. Furthermore, the downregulation of PTEN protein level in saliva may be a potential marker of gingival carcinoma.
Expression level of miRNA-214 in tumor tissues, peritumoral tissues, blood and saliva. RT-qPCR was performed to detect expression levels of miRNA-214 in tumor tissues, peritumoral tissues, blood and saliva. As presented in Fig. 5A , miRNA-214 level in the tumor tissues of gingival carcinoma patients was significantly higher than that in peritumoral tissues of gingival carcinoma patients (P<0.01). Similarly, miRNA-214 levels in the blood (Fig. 5B) and saliva (Fig. 5C ) of gingival carcinoma patients were significantly increased in comparison with those in control patients (both P<0.01). In combination with the finding that miRNA-214 may be a regulatory gene PTEN, these results suggest that miRNA-214 may have a regulatory effect on gingival carcinoma, and it may regulate the transcriptional level of PTEN and ultimately affect the protein level of PTEN.
Discussion
In the present study, the mRNA and protein levels of PTEN in tumor tissues, peritumoral tissues, blood and saliva of patients with gingival carcinoma were evaluated. The expression of miRNA-214, a predicted upstream gene of PTEN, was detected simultaneously, and the potential regulation of PTEN by miRNA-214 in gingival carcinoma was identified. Among oral and maxillofacial malignancies, >80% of tumors are OSCC, and is the sixth most prevalent carcinoma worldwide (36, 37) . OSCC typically occurs in the tongue, gingiva, and cheek (38) . It is clinically characterized by a high degree of malignancy, trend toward regional lymph node metastasis and poor prognosis (2) . The majority of advanced OSCCs exhibit invasive growth (39) , and it is difficult to surgically remove tumors that have infiltrated surrounding tissues and migrated distantly, and traditional chemotherapy has been demonstrated to have a low efficacy in this scenario (40) . The improvement of early diagnosis and the implementation of individualized treatment has become necessary to ameliorate the treatment efficacy and prognosis of OSCC (41) . Therefore, there is a need to clarify the pathogenesis of OSCC with surrounding tissue infiltration and distant metastasis and to identify novel gene targets for therapy.
As a tumor suppressor gene, PTEN was discovered in 1997 and is located on chromosome 10 (10q 23.3) (25, 42, 43) . The downregulation or deletion of PTEN has a role in apoptosis, cell cycle and cell migration, and is associated with the development of various human malignancies (44). Previous research on the effect of PTEN on tumorigenesis has predominantly focused on endometrial cancer, glioma, prostate cancer, breast cancer and melanoma (25) (26) (27) (28) (29) (30) (31) . However, to the best of our knowledge, the role of PTEN in OSCC has been rarely reported. Although the mechanism remains to be elucidated, an abnormal decrease of PTEN has been demonstrated in the majority of types of tumor (6, (25) (26) (27) (28) (29) (30) (31) . In the present study, a significant reduction in PTEN expression was observed in the tumor tissues, blood and saliva of patients with gingival carcinoma compared with control patients. As tumors may migrate through blood as well as via regional invasion, the reduction of PTEN in the blood of patients with gingival carcinoma suggests that PTEN may have a role in tumor metastasis. It is possible that a reduction in PTEN reduces apoptosis, whereas excessive proliferation of cells is associated with increased cell infiltration and mitigation, leading to tumor metastasis. Additionally, changes in PTEN levels in the blood and saliva of patients may be a potential biomarker of gingival carcinoma, particularly in the early stage of tumorigenesis.
Bioinformatics were applied to predict possible upstream regulatory genes of PTEN. It has recently been demonstrated that a class of small, endogenous and non-coding nucleic acid miRNAs are able to prevent transcription of PTEN mRNA (45) . According to the current literature, miRNAs have a high level of stability in conventional, formalin-fixed, paraffin-embedded clinical tissue specimens, which suggests that they may have potential as diagnostic molecular markers; however, mRNAs tend to be more susceptible to environmental impact and are more unstable than miRNAs (46) (47) (48) . Furthermore, it has previously been suggested that miRNAs serve important roles in tumorigenesis via their regulation of protein coding genes (49, 50) . The cleavage of PTEN mRNA may lead to downregulation of PTEN protein. As predicted, miRNA-214 was shown to be closely associated with PTEN; therefore it may be an upstream regulatory gene of PTEN. Furthermore, it has previously been demonstrated that miRNA-214 is able to regulate PTEN in the processes of tumor invasion and metastasis in human gastric cancer, breast cancer and cervical cancer (51) (52) (53) .
In the present study, a significant increase of miRNA-214 levels was observed in the tumor tissues, blood and saliva of patients with gingival carcinoma. These results suggest that PTEN in gingival carcinoma is directly downregulated by miRNA-214, as the upregulation of miRNA-214 may promote cleavage of PTEN, thus inhibiting the proapoptotic effect of PTEN protein, the formation of gingival cysts and ultimately gingival tumorigenesis.
In conclusion, the balance between miRNA-214 and PTEN levels may regulate the tumorigenesis and progression of gingival carcinoma. Additionally, miRNA-214 is more stable than PTEN in blood and saliva, and may be a more suitable marker for the early diagnosis of gingival carcinoma.
